substances which, though not contributing to the total supply of energy or repair material, are yet necessary for proper nutrition. The recognition that such substances even exist is a comparatively recent event in the history of dietetics, and will probably have far-reaching results. Professor Hopkins dealt very fully with the so-called " vitamines," absence of which is believed to be the cause of scurvy, beriberi, and possibly of pellagra, and to what he has said in that connexion I have. nothing to add. It is probable, however, that there are several substances which act in the same kind of way as the " vitamines." Amongst such substances one might mention lecithin and allantoin, both of which probably play an important part in growth. Meat extracts also, as the experiments of Thompson and Caldwell have shown, seem to contain analogous substances which may oblige us to reconsider our estimate of the value of beef-tea as a food. Further, the effect of a diet of oatmeal in some forms of diabetes, which von Noorden has pointed out, may have to be explained by the presence in it of bodies of the vitamine class: the old controversy as to the respective merits of whole-meal and white bread must be revised in the light of this new knowledge also.. It must, in short, be admitted that we can no longer regard a diet as. certainly sufficient when it contains an adequate amount of energy material and protein. It is necessary that it should contain these unknown substances as well, which act more like drugs than foods, and which may play a specific part in metabolism. In the further elucidation of these substances and the part they play in the prevention of disease the biological chemist and the clinician must both co-operate, but the practical result of the knowledge already acquired should be to confirm our old belief in the value of a mixed diet, drawn from as. many sources as possible, and to discourage also cranky and one-sided views and practices. Only then are we likely not to miss any of those substances which, as we are now beginning to learn, may play such an important part in the maintenance of health.
Dr. CASIMIR FUNK: In this contribution I would like to call your particular attention to two points-namely, pellagra and growth.
PELLAGRA.
In the last few months a series of cases of this disorder have been described by different authors in this country which were considered by authorities on the subject to be pellagra. We know, however, that. this disease spreads only in maize-eating countries. The discovery of the disease in this country was rather in contradiction with the facts which we already know about pellagra. Although there is no -theoretical objection in admitting the occurrence of pellagra on another -diet than maize, we must not forget that the distribution of pellagra follows exactly the distribution of miiaize. Therefore, the question arises whether the cases described in England are truly pellagra.
Fromn the point of view of the "deficiency theory" of pellagra -which I put forward in 1912, and which regards pellagra as being due to a deficiency of probably specific vitamines in the food, only two alternatives are available at the present moment. Either the food in these cases was deficient or the cases were not true pellagra. The cases described were found with few exceptions in lunatic asylumlls, and there was nothing stated about the food except that no rnaize was eaten. We know fromii other deficiency diseases like beriberi and scurvy that they may arise on any food which is naturally deficient in vitamines or which is artificially deprived of the latter by the process *of milling, high temperatures, or extraction during the, cooking when the decoction is thrown away. We must therefore postulate that in future descriptions of alleged pellagra cases special attention should be paid to describing the diet of the patients. Only in this way, in my opinion, will light be thrown on this difficult problem. On the other hand, it is quite conceivable that in patients who show undoubtedly changes in the nervous system, such as were described in the recent cases, these morbid conditions, if they are localized in the samne centres as in the case of a deficient diet, mi-ay result in the same trophic changes and the symptonms may be identical.
In this connexion it is necessary to add that up to the present moment there has been a certain amount of difficulty in accepting the deficiency theory of pellagra. This difficulty has consisted in the fact that the symptoms of pellagra vary in different countries. In Italy and Egypt, the latter described by Dr. Sandwith, we see chronic cases with about 4 per cent. mortality; in the United States acute cases with so much as 20 to 25 per cent. mortality. There has been hardly any explanation for these facts up to the present moment. It seems, however, that the difference lies in the way of the preparation of the maize. In Italy the peasants use very primitive methods for depriving the grain of the skin; in the States highly perfected machinery is used for this purpose.
I had recently an opportunity of analysing samples of maize-meals from South Africa which were prepared in a different way. I had samples of highly and moderately milled meal and the corresponding brans. From the results of analyses there can be very little doubt that the localization of the vitamines in maize is closely allied to that of rice. There are four distinct layers in the grain. First the skin, very poor in nutritive constituents; then a layer, the removal of which can hardly be avoided when removing the skin, which contains the aleurone layer, where in the case of rice the bulk of vitamine is concentrated. Further there is a third layer which contains the aleurone layer and the germ, a layer extremely rich in nutritive elements; and finally, the starch-containing endosperm. We cannot be certain at present in which of the three external layers the bulk of vitamine is localized, still less do we know where the hypothetical pellagra vitamine may be present. Possibly animal experiments which are in progress may throw some light on the problem. The safe attitude to take, and the conclusion I have arrived at, is that the whole maize must be eaten, including the skin, to constitute a comuplete diet.
THE PROBLEM OF GROWTH.
To determine the conditions of growth in young animals, Osborne and Mendel and Hopkins experimented on rats. They soon noticed that growth is entirely dependent on the composition of the food given. By giving the so-called synthetic diet which consists in purified proteins, fat, carbohydrate and salts the young animals were kept alive but did not grow. By adding either milk or protein-free milk (milk freed from proteins) the animals resumed their normal growth. McCollum and Davis have recently shown that instead of milk, butter can be used or ether extract from egg-yolk. There was much discussion as to what could be the nature of the substance which induces growth. Osborne and Mendel thought for a long time that the lack of salts might be the cause of the inhibited growth. But there is more and more evidence that the substance in question is an organic substance, and I think that at the present moment we run no great risk in termning it the hypothetical growth-vitamine. We can safely add the inhibition of growth to the already long list of deficiency diseases.
The experiments on growth were performed, as mentioned above, on rats, and only recently were mice employed. The diet used was, if we may designate it by the right name, a vitamine-free diet. As rats and mice are the only animals which can subsist for long periods on such a diet, these results could hardly be applied to other animals, and particularly to man. In connexion with the study of the relation of vitamines to malignant growth I searched for an animal suitable for this, kind of experiment and one more liable to contract a deficiency disease. For many reasons I choose fronm among all the animals used in the laboratory, the fowl. But there was a difficulty in finding an adequatediet which inhibits growth and does not induce beriberi. It was thought, however, that dry seeds being in the latent stage of growth would not contain the growth-vitamine, and red (unpolished) rice was therefore chosen as a diet. I hardly expected that delicate creatures like young chickens could be kept for any length of time on such a simple diet, but to my surprise I have been able to keep a certain number of them already for six weeks on red rice, a space of time which is amply long enough for the kind of experiments which I have in view. The results of the feeding experiment were as follows:- The chickens were kept in batches of twelve. We see from the figures that chickens fed on red rice did not show a trace of growth during the whole time of the experiment. On addition of yeast or dried tumour they partially resumed their growth. This is the first time that. such an experiment was attempted on a vitamine-containing diet. The: simplicity of the experimental conditions, especially in reference to the preparation of the food, allows a great number of experiments to be performed at the same time. It is proposed to investigate the exact conditions of growth in chickens and other animals by this new method, to investigate the glands of internal secretion in growing and nongrowing animals with special reference to the pituitary gland, and finally to apply the results obtained to the study of innocent and malignant.
growths. This line of thought constitutes at the same time a new experimental direction in the cancer problem.
